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Abstract 
 
Despite the structured nature of metadata associated with geospatial resources, 
the discovery functionality implemented by geoportals is primarily based on the 
syntactic matching of users’ search pattern against descriptive metadata, such as 
title, abstract, or keywords. As a consequence, the retrieval process is often 
hampered by linguistic issues related to multilingualism, semantic heterogeneity 
(synonymy, homonymy, etc.), and terminology mismatch in general. We propose 
a novel criterion for associating resources to language-neutral identifiers, thus 
enabling multilingual access to datasets and services as well as query expansion 
and refinement. The methodology has been successfully applied to the ISO-
compliant metadata records aggregated by the INSPIRE Geoportal and is driving 
semantics-aware extensions of the discovery functionalities of the latter. 
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1. INTRODUCTION 
The Infrastructure for Spatial Information in the European Community (INSPIRE) 
Directive (EU, 2007) of the European Union (EU) aims at establishing a Spatial 
Data Infrastructure (SDI) encompassing the data and services that are separately 
made available by the Member States (MS). Its purpose is to establish a 
harmonised framework providing quality geographic information to support 
formulation, implementation, monitoring, and evaluation of policies and activities 
which have a direct or indirect impact on the environment. 
The Directive mandates the creation of the INSPIRE Community Geoportal1 
(henceforth, Geoportal), that is, a web application aggregating the descriptions of 
the spatial resources produced by the MS. The discovery functionalities provided 
by the Geoportal are enabled by the metadata that are provided by the 
responsible organizations. Metadata fields, with the exception of certain 
structured information such as bounding box, typically contain free text. As a 
consequence, the discovery of resources by the end user is primarily based on 
the syntactic matching of the textual pattern entered by the former against key 
metadata fields such as title, abstract, or keywords. 
The retrieval process is then complicated by linguistic and semantic issues. The 
multilingual nature of information sharing in the EU is one of the challenges 
addressed by INSPIRE. However, more general issues are related to semantic 
heterogeneity of the terminology that is employed, respectively, by metadata 
maintainers at the time of annotation of resources and by the end user during 
discovery. Even when expressed in the same language, the terms being used by 
these two actors may be synonyms and their text representations may not match; 
also, a term may be more general or specific than another. Generally speaking, 
words are a means to convey thoughts. Although the definition associated with a 
word in a given language is defined by vocabularies, its mental picture (that is, 
the image that a word generates in our brain and the experience related to it) is a 
subjective entity. This may also affect knowledge transfer within the scientific 
community when the two actors are using a terminology coming from different 
communities of practice. 
In order to overcome the issues related to the meaning of terms in the SDI 
domain, the community is increasingly considering structured vocabularies or 
thesauri – particularly multilingual ones – as a means to improve resource 
annotation and retrieval (Smits and Friis-Christensen, 2007; Klien et al, 2004). 
Those encoded in Semantic Web data formats2 (RDF, OWL, SKOS etc.) are 
                                                
1 http://www.inspire-geoportal.eu/ 
2 http://www.w3.org/standards/semanticweb/ 
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gaining wide acceptance because of software support and modularity. These 
allow for univocal identification of terms based on Uniform Resource Identifiers 
(URIs) (IETF, 1998), provide the expressiveness required for structuring complex 
terminologies, and enable automatic inference functionalities. In this paper, we 
leverage reference thesauri for geospatial resources for indexing the data sets 
and services delivered by the INSPIRE Geoportal. However, the methodology 
can easily be extended to any kind of structured metadata. 
Metadata typically do not support thesaurus-based categorisation of information – 
referencing terms in structured vocabularies through URIs – although some 
metadata items may allow publishers to pick values from well-defined 
terminologies, e.g., INSPIRE Themes and GEMET terms as keywords. Since this 
kind of semantics-aware characterisation of resources is not mandated by the 
Directive, it is unlikely that resource metadata will be so finely described, 
although the new, open-source version of the INSPIRE Metadata Editor is 
investigating these functionalities. Instead, it is possible to process existing 
metadata and derive these resource-term associations, enabling a variety of 
novel search criteria to be implemented. This paper documents this activity. 
More specifically, this paper describes the indexing procedure that has been 
carried out over the metadata records contained in the cache of the INSPIRE 
Geoportal for purpose of enabling semantics-aware retrieval functionalities. It is 
worth mentioning that this work has been done in the context of a previous 
release of the INSPIRE geoportal prototype (Luraschi et al 2008) and applied 
only to a limited set of metadata records w.r.t. those currently available. However, 
the methodology described in this paper is independent of the specific system 
architecture; in fact, it is currently being tested against the current version of the 
geoportal and an extended set of metadata records. The cache is constituted by 
a database schema containing the metadata descriptors that have been 
harvested from remote catalogues of geospatial data and services in order to 
speed up retrieval of resources by the end user through the Geoportal itself. 
However, the same technique can be applied to metadata descriptors that can be 
remotely accessed, e.g., through a CSW service. 
The purpose of the indexing procedure is to associate resources to terms in SDI-
related structured vocabularies encoded in Semantic Web data formats. These 
data structures feature two important characteristics that prove useful for the 
indexing and retrieval of resources: Firstly, beside providing multilingual 
representations for terms (henceforth, labels), thesauri provide language-neutral 
identifiers that are capable of bringing the different text representations into the 
same context. Moreover, the structural properties relating terms with each other 
according to specificity and relatedness (e.g., indicating more general or more 
specific terms within a given thesaurus, mapping equivalent terms in distinct 
thesauri, etc.) support advanced search capabilities such as query expansion. 
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More specifically, resource IDs in the cache are associated with the URIs 
corresponding to the terms that are provided by the vocabulary service hosted by 
the Spatial Data Infrastructures Unit of JRC-IES. Once this mapping is carried 
out, it is possible to leverage on thesauri for direct browsing of terms or, 
alternatively, for matching the search string entered by the user. Afterwards, 
resources that were mapped with terms selected by the user in either mode can 
be returned. This paper describes the methodology that has been adopted for 
implementing the mapping phase and outlines possible query expansion 
scenarios for the discovery phase. 
This paper is organised as follows: Section 2 presents related work in this field. 
Section 3 introduces the INSPIRE initiative and the requirements for the INSPIRE 
Geoportal, whose extension is motivating the indexing procedure described 
herein. Section 4 details the indexing procedure, highlighting the distinct phases 
and the challenges posed. Section 5 describes the experimental results obtained 
by applying the indexing procedure to a test bed of geospatial resources. Section 
6 discusses these results in order to draw suggestions for improvement of the 
indexing procedure. Finally, Section 7 draws the conclusion and outlines future 
work on this topic.  
2. RELATED WORK  
The development of controlled vocabularies is a key factor for geographic 
information retrieval and led to the inclusion in the GEO Work Plan 2009-2011 
(GEOSSa) of a sub-task of the GEOSS Common Infrastructure devoted to 
ontology and taxonomy development. In the shorter development cycle of the 
GEOSS Architecture Implementation Pilot Phase 3 (AIP-3) (GEOSSb), the GI-
CAT service broker3 developed by the Italian CNR in the context of AIP-2 has 
been extended to support multilingual queries as well as query expansion by 
leveraging the controlled vocabularies that, in this paper, are employed for 
indexing. 
The specific data format that has been employed for expressing controlled 
vocabularies, SKOS (W3C), has been widely used for in the geospatial domain: 
Among these initiatives, the United Nations Food and Agriculture Organization is 
maintaining AGROVOC (FAO); the United States National Agricultural Library 
(NAL) has been developing a similar monolingual agricultural thesaurus (USDA). 
In Europe, the GEMET Thesaurus (EIONET) is covering environmental terms 
and phenomena in all languages spoken in the EU. 
                                                
3 http://zeus.pin.unifi.it/cgi-bin/twiki/view/GIcat 
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It is difficult to compare the proposed methodology with traditional information 
retrieval (IR) techniques; please refer to (Baeza-Yates and Ribeiro-Neto B, 1999) 
for a comprehensive review on this topic. As an example, no inverted index is 
created from the corpus of metadata records; instead, a harmonised set of 
multilingual thesauri is taken as the source for relevant terms. On the other hand, 
indexing terms tend to be the individual words contained in documents while the 
tokenisation of terms we describe in Section 4.1 aims at both minimising the need 
for complex ranking mechanisms and maximising precision.  
Also, the primary aim of this work has been to assess the effectiveness of 
indexing based on multilingual thesauri, rather than to evaluate precision and 
recall of search facilities based on it. In fact, no clustering of metadata 
descriptions occurs and, whereas some of the indicators presented in Section 5 
can ground term weighting and other performance evaluation (e.g., it is 
straightforward to calculate inverse document frequencies), a thorough evaluation 
of the effectiveness of the methodology is only envisaged in the ongoing 
implementation of the INSPIRE Geoportal Operational Prototype, whose 
comprehensive set of metadata descriptions and wider audience allow for a more 
accurate testing. 
The category of resources that we consider also makes it difficult to leverage web 
searching paradigms because of the lack of links between resources, which has 
always been the main indicator of relevance (Brin and Page, 1998). Also, as 
opposed to search based on query strings, we currently envisage a browsing 
approach in which the user does not provide a search string but rather browses a 
hierarchy of terms to retrieve the resources associated with them. Of course, 
search paradigms based on the user search string are possible but will be 
evaluated only after a first implementation. 
The same collection of thesauri employed in this work for indexing metadata 
records has been used to implement search-based discovery of resources 
provided by federated catalogues (Craglia et al, 2011) in the GEO System of 
Systems. Please refer to (Santoro et al, in press) for a more detailed description 
of this approach, as well as for more examples of semantics-aware discovery 
services. Another example of ontology-based geoportal is provided by the 
regional catalogue of Trentino (Shvaiko et al, 2010), based on an extension to 
GeoNetwork4. However, in this case the architecture relies on an ad-hoc ontology 
rather than on a set of third-party thesauri. 
 
                                                
4 http://geonetwork-opensource.org/ 
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The specialised terminology that is being employed allows us to avoid 
disambiguation issues such as those tackled in (Nogueras-Iso et al, 2004). On 
the one hand, the reference thesauri that were employed leave no ambiguity on 
the meaning to be associated with a given text representation. On the other, the 
domain-specific nature of the data sets and services that are indexed minimises 
the impact of false positives. Also, query expansion techniques such as those in 
(Tudhope et al, 2006) represent a possible next step to further refine the indexing 
described in this work. 
3. INSPIRE AND THE INSPIRE GEOPORTAL 
The development of the INSPIRE Community Geoportal is explicitly mentioned in 
the Directive: The Geoportal is a web application providing access to the 
collection of geographic data and services that are made available by the MS of 
the EU. Intended to support public authorities and citizens as well as the scientific 
community and private entities, the Geoportal allows them to share, search, view, 
and download geographic data or to take advantage of available services for 
processing information that is relevant for assessing the state of the environment. 
The Directive defines a set of network services that shall be implemented by the 
MS, although additional services such as gazetteer services, registry services, 
and the editing and validation of metadata may be required, according to the 
Technical Guidelines of INSPIRE. The network service that is relevant to our 
work, defined in INSPIRE as Discovery Service, allows the user to: i) search for 
spatial datasets and spatial data services on the basis of the content of the 
corresponding metadata, and ii) display the metadata content. 
The primary requirement of the Geoportal is that, in its operational phase, it shall 
provide access to the INSPIRE Member State discovery services. In this paper, 
we are going to elaborate on discovery services, addressing how to improve on 
the main shortcomings of these with respect to semantic heterogeneity of the 
free-text components of metadata. However, the other network services, 
particularly the view and download services, are going to take advantage of these 
improvements as well. 
The principles and requirements underlying the INSPIRE Geoportal are 
presented in Figure 1. The Geoportal is among the clients (Application and 
Geoportals) that are accessing the INSPIRE Network Services infrastructure and 
seamlessly integrates data originating from different sources. 
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Figure 1: INSPIRE Infrastructure Architecture 
 
3.1. Challenges for Discovery Services  
In order to provide a scalable solution for the distributed environment that 
INSPIRE is meant to establish, a discovery service is not supposed to store or 
maintain the data or the metadata for spatial data sets and services. In fact, these 
are going to be provided by national and thematic servers across Europe, each 
server maintained by the organisation which is responsible for the data. 
Consequently, the Geoportal is a web application aggregating several instances 
of specific geospatial information services and, as such, will provide the means to 
access INSPIRE services from the MS as well as from sector-specific services.  
All connections to services operated by the MS and other participating 
organizations shall be based on the INSPIRE implementing rules (EC, 2007c; EC 
2008) and on international standards and specifications. The functioning of the 
Geoportal is organized as follows: An Internet-based graphical user interface to 
the Geoportal allows users to specify the category of information or services they 
are looking for, specifying, for instance, the criteria that are referred to by the 
INSPIRE Directive (e.g. geographical area, keywords, access rights, etc.). A 
query is then carried out over metadata to find out which spatial data, data series 
or services correspond to these criteria.  
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Figure 2: High-Level Architecture for the INSPIRE Geoportal 
 
In order to query European metadata, it is not necessary for metadata to be 
stored in a centralised way; indeed, the only piece of information required is the 
location where relevant metadata are made accessible through catalogue or 
discovery services. Metadata are distributed over a large number of systems, 
often alongside the spatial data sets and services themselves. Metadata also 
indicate where the spatial data and services are located and how they can be 
accessed. However, for performance reasons, the distributed metadata for spatial 
data sets and services need to be cached and indexed whenever possible. As a 
consequence, since metadata are still maintained at their source, regular updates 
shall ensure synchronisation between the cached metadata and the official ones. 
After discovery, the Geoportal acts as a gateway to the spatial data and services 
themselves, allowing the user to view spatial data on her computer screen or to 
download them, depending on access/use restrictions, onto ones computer. To 
achieve this, the Geoportal forwards user requests for spatial data or services to 
the federated discovery services and channels the results of these requests back 
to the user. A single user request may trigger a number of simultaneous requests 
to distinct systems, whose results are aggregated by the Geoportal and 
presented to the user in a seamless way. 
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3.2. INSPIRE Geoportal Architecture 
On the basis of the experience during the development of the prototype, a high-
level architecture for the INSPIRE geoportal has been defined, as illustrated in 
Figure 2. The discovery of metadata for spatial data sets and services through 
distributed search mechanisms is a fundamental functionality of the INSPIRE 
Geoportal.  
3.3. INSPIRE Geoportal Search Mechanism 
Figure 3 is detailing the search mechanism implemented by the Geoportal.  
The Geoportal is implementing, as mandated by the Directive and the 
Implementing Rules, the following search criteria: 
• Keywords: This criterion allows the user to execute a search based on both 
free text as well as terms from GEMET (although using it simply as a source 
for textual patterns). 
• Geographic location, through the definition of a bounding box. 
• Conditions applying to the access and usage of spatial data sets and 
services. 
• Classification of spatial data sets and services. 
• Quality and validity of spatial data sets. 
• Degree of conformity with the Implementing Rules of Article 7(1) of the 
Directive. 
• Public authorities responsible for the establishment, management, 
maintenance, and distribution of spatial data sets and services. 
The following INSPIRE metadata elements or set of elements shall also be 
available as search criteria: Resource Title, Resource Abstract, Resource Type 
(spatial data set or service), Unique Resource Identifier, and Temporal 
Reference. In order to allow for discovery of resources through a combination of 
these search criteria, logical and comparison operators shall be supported. As an 
example, discovering resources based on the geographic location of the resource 
requires the Geographic Bounding Box INSPIRE metadata element to intersect 
Area of Interest defined by the user. 
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Figure 3: UML Sequence Diagram for Discovery 
 
In order to ease search, the interface shall include the following functionalities: 
• Simplified search mechanisms based on free text search. 
• Advanced options for experienced users, which shall include as a minimum 
the search criteria as requested by the INSPIRE Directive and INSPIRE 
Network Services Regulation. 
In both these scenarios, the following functionalities have been supported: 
• Specify or navigate to locations by clicking on a map or by specifying a 
bounding rectangle. As a consequence, search is limited to the geographic 
area that is chosen. The map shall include the seven EU outermost regions. 
The map currently in use is the EuroGlobalMap5, ©Eurogeographics, 
together with Vector Map (Vmap) Level 0 a worldwide coverage of vector-
based geospatial data at 1:1,000,000 scale. 
• Support for the selection of keywords from the GEMET thesaurus. 
                                                
5 http://www.eurogeographics.org/products-and-services/euroglobalmap 
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4. THE INDEXING PROCEDURE 
As mentioned above, the purpose of the indexing procedure is twofold. On the 
one hand, it aims at bridging the multilingual gap by referring resource IDs to 
language-neutral identifiers, the URIs associated with terms, which can be 
subsequently rendered in a number of distinct languages (those that are 
supported by the thesaurus a specific URI comes from). On the other hand, by 
drawing inference from the internal structure of thesauri, advanced browsing and 
query expansion functionalities can be implemented. The exploitation of these 
two characteristics of geospatial thesauri is meant to ease access to resources in 
the INSPIRE Geoportal and to constitute a proof-of-concept of semantics-aware 
resource management for SDIs. 
Section 4.1 describes the methodology for deriving significant indexing terms 
from the textual descriptions in the thesauri trying to avoid the inclusion of 
individual words that may convey little meaning by themselves. Section 4.2 
describes the indexing of metadata descriptions and the preliminary weighting 
that is carried out on individual metadata elements. Section 4.3 aggregates the 
results of indexing with regard to whole metadata records, as opposed to 
individual metadata elements, for providing the final indexing of metadata 
descriptions. Finally, Section 4.4 explores some possible expansion mechanisms 
that can be based on the internal structure of thesauri for improving the 
methodology. 
Terms contained in the thesauri are associated with a set of labels that represent 
textual descriptions of the term in different languages. These are retrieved 
iteratively, together with the corresponding language and the URI of the term. 
The thesauri that have been used for testing the indexing methodology are the 
following: 
• GEneral Multilingual Environmental Thesaurus (GEMET) 
• INSPIRE Feature Concept Dictionary (IFCD) 
• INSPIRE Glossary 
• INSPIRE Themes  
• GEOSS Societal Benefit Areas (SBA) 
• ISO 19119 Geographic Services Taxonomy 
From each label, one or more tokens are extracted according to punctuation and 
also according to a set of stop-words (i.e., words that can be removed from text 
because they are semantically irrelevant) that depend on the specific language 
the label is expressed in. Finally, these tokens are matched against the title, 
abstract, and keywords contained in the metadata records and, in case of a hit, 
an estimation of the relevance of the token for the specific metadata field is 
computed. Of course, these raw results need to be further refined prior to usage 
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by applications. In the following, these distinct phases of the indexing process are 
detailed.  
4.1. Tokenisation 
Some of the labels associated with terms are rather coarse-grained, such as the 
INSPIRE Theme “Area management/restriction/regulation zones and reporting 
units”, and are not likely to match the content of resource metadata fields as a 
whole. As a consequence, in order to maximise recall, labels are tokenised by 
splitting them according to punctuation: as an example, the aforementioned 
INSPIRE Theme would be first divided into three separate tokens “Area 
management”, “restriction” and “regulation zones and reporting units”. Also, when 
the language the label is expressed in is among those whose stop-words are 
known by the application, tokens are further divided according to the stop-words 
that are specific of the corresponding language: As an example, the latter token 
in the example above would be further divided into the separate tokens 
“regulation zones” and “reporting units”.  
Tokenisation needs to be language-dependant in order not to exclude 
semantically meaningful terms from the matching process: As an example, for 
labels in English the character string “by” shall be considered a stop-word while in 
Swedish it means “village” and should then be included into the set of tokens as 
significant. More speculations could be done on tokenisation (e.g., a domain 
expert could possibly tokenise the label above into “Area management zone”, 
“Area restriction zone”, etc.) but this rearrangement of terms would depend on 
the linguistic features of the specific language and can not be easily extended to 
all the languages that are considered. 
Finally, some languages make extensive use of stop-words when forming a 
sentence and this may result in a large number of tokens that, once taken 
singularly, convey little meaning: As an example, the French counterpart of the 
INSPIRE Theme considered above, “Zones de gestion, de restriction ou de 
réglementation et unités de déclaration”, will be tokenised into “Zones”, “gestion”, 
“restriction”, “réglementation”, “unités” and “déclaration”. In this case, it was 
decided to dispense with some of the precision in the matching process in order 
to maximise recall; however, the refinement phase is going to address this issue 
by aggregating the hits corresponding to individual tokens and adjusting the 
confidence value in order to rank metadata records featuring multiple tokens from 
a specific label better than those featuring only one of them. 
4.2. Matching 
Once the set of tokens is derived from individual labels, a customised query is 
executed against the INSPIRE Geoportal cache in order to retrieve the metadata 
records of resources that contain the token in either the title, abstract, or 
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keywords. When the language the token is expressed in is among those 
supported by the cache, the token is only matched against resources in that 
language (e.g., avoiding false positives when matching the Swedish word “by” in 
metadata expressed in English). When a hit occurs, the metadata field containing 
the token is also tokenised and the confidence value c for metadata element i of 
resource r and token j of term t is computed as the number of occurrences of the 
token in the metadata field no divided by the number of tokens in the metadata 
field nf, that is: 
f
o
tr n
nc
ji
=,  (1) 
The net product of the matching phase is that resources that are related to the 
same term but whose metadata is expressed in different languages are 
reconciled by relating the resources to the language-neutral URI of the term. This 
proved very effective when testing the indexing procedure against a cache 
instance containing primarily Dutch and Danish metadata; the resources could 
then be easily retrieved by using any EU language. As detailed later, the 
confidence value is calculated in such a way that it will amount to 1 for fields that 
are matching a label in its entirety. This allows the application to pinpoint 
INSPIRE Themes contained in keywords in a multilingual fashion. 
4.3. Refinement of raw results 
As mentioned earlier, the metadata matching process may result in multiple 
associations between a specific resource and a term. This may happen for three 
possible reasons that may also co-exist, for a given resource-term pair, as the 
source of multiple associations:  
1. One or more tokens from a specific term may match more than one metadata 
field among those considered by the process (that is, title, abstract, and 
keywords) resulting in multiple hits.  
2. Multiple tokens derived from a specific term label may match a resource 
metadata field, also resulting in multiple hits.  
3. Finally, identical syntactic representations of a term in different languages 
(i.e., in distinct labels) would equally match a resource. This may also be the 
source of multiple hits. 
During the matching process, an effort is made to limit queries to metadata 
records matching the specific language the tokens are based upon. By doing this, 
the incidence of the latter source of multiplicity should be as limited as possible. 
In the ideal situation of metadata always specifying the language the metadata is 
expressed in, this issue would be minimised. The only exception is for languages 
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that are kept distinct in the representation of a thesaurus but are considered 
equivalent in the cache metadata. As an example, the labels of GEMET terms 
associated with the languages "en" and "en-us" are largely syntactically identical 
and, since no such distinction exist in the cache metadata, we may expect a 
double number of hits for each resource-term pair. However, aggregation of 
multiple hits for a given metadata field is carried out taking into account the 
language of the token so that, for instance, hits related to the "en" and "en-us" 
languages are kept separated. 
Instead, a source of multiple hits that shall be taken care of is the second one 
because such multiplicity is due to the heuristics in the tokenisation process. 
These hits shall be combined in order to minimise the effects of the arbitrary 
tokenisation of the label that has been carried out. For example, if a metadata 
field of a resource contains the string “Zones de gestion” and then scores hits for 
the separate tokens “Zones” and “gestion” (with two corresponding confidence 
values), then the aggregate confidence value for the two hits should approximate 
as possible the confidence value associated with the token “Zones de gestion” as 
a whole. Because of (1), this can be achieved by simple summation over the 
individual confidence values. Particularly, in the best case of a field matching a 
label in its entirety, we would have no=1 for all hits, a value of 1/nf for all 
contributions to the aggregated confidence value and nf elements in the 
summation. Hence, the result of the summation is 1. In general, the confidence 
value c for metadata element i of resource r and term t as a whole is computed 
as follows: 
∑
=
=
nj
trtr jii
cc
...1
,, (2) 
Where j=1…n are the individual tokens derived from term t. Finally, multiple hits 
of the first category should increase the aggregate confidence value for a 
resource-term pair. Here the main issue that shall be taken care of is weighting 
the relevance of the different metadata fields that are considered in the matching 
process. If wi is the weight associated with metadata element i, the confidence 
value c for resource r and term t can be computed as follows 
∑
=
⋅=
mi
tritr i
cwc
...1
,, (3) 
Where i=1…m are the individual metadata elements that are considered. In our 
case, a hit in the keywords associated with a resource is more relevant than a hit 
in the title which, in turn, is more relevant than a hit in the abstract. Fortunately 
enough, the evaluation of the confidence value in (1) is implicitly taking into 
account these three degrees of relevance: In fact, the number of tokens in the 
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keywords will in general be smaller than that of tokens in the title which, in turn, 
will be smaller than that of tokens in the abstract. By taking this value into 
account as a negative weight in the computation of the confidence value, the 
different degrees of relevance are automatically reflected. Then the aggregate 
confidence value is simply calculated assuming wi=1 for i=1…3. 
4.4. Semantics-aware refinement and expansion 
Once the associations based on syntactic properties of term labels and metadata 
fields are computed, the semantic properties among terms can be leveraged to 
further refine and expand the results. Two possible directions shall be 
considered: 
1. A resource that is associated with terms that are connected along the 
generalisation hierarchy (that is, they are, respectively, more generic and 
more specific than the other) shall have the confidence values of these hits 
augmented since they are more likely to be related to the resource. This 
refinement criterion allows the application to increase the relevance of hits 
that are originating from terms that are related to each other. 
2. Resources that are associated with a term are also likely to be pertinent to 
more general and more specific terms along the generalisation hierarchy 
even if no syntactic matching of their labels occurred. This expansion criterion 
allows the application to increase the number or resources that are 
associated with a specific term because the metadata associated with the 
former and the labels associated with the latter need not match syntactically. 
These criteria for refinement and expansion of results require defining 
appropriate weighting factors. Some suggestion may be drawn from the state of 
the art of semantic similarity, in particular the works on instance-based similarity 
such as (D’Amato et al, 2008). However, validation of these weighting factors by 
domain experts in essential in order to obtain feasible results and then will only 
be considered in the implementation stage of the methodology. 
5. PRELIMINARY EXPERIMENTAL RESULTS 
For the purpose of evaluating the correctness and the coverage of the indexing 
procedure, we have been running it against an internal instance of the cache that 
features a smaller set of resources with respect to those provided by the publicly 
available Geoportal (736 against 4027). This internal cache is harvesting a more 
heterogeneous set of resources provided by Member States and thus represents 
a more realistic set of metadata. It also features metadata in multiple languages 
in order to test the capability of the indexing procedure to bridge the multilingual 
gap. While correctness of the procedure requires the evaluation by domain 
experts of the associations that have been generated, coverage can be easily 
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evaluated on the basis of a set of quantitative indicators. In the following, we list 
them for the reader to easily cross-reference them with the values indicated in 
Table 1. 
Indicators: 
1. Raw number of hits: RH 
2. Aggregated hits for distinct metadata fields: AHF 
3. Aggregated hits: AH 
4. number of resources harvested in the cache: nR 
5. number of terms in the thesauri: nT 
6. number of distinct labels in the thesauri: nL 
7. number of distinct resources associated with at least one term: nR,T 
8. ratio of resources associated with terms: nR,T /nR 
9. number of terms associated with a given resource Ri: nRi,T 
10. number of resources associated with a given term Ti: nR,Ti 
11. maximum number of terms associated with a resource: max(nRi,T) 
12. maximum number of resources associated with a term: max(nR,Ti) 
13. average number of terms associated with a resource: ( ) RTRi, nn /∑  
14. average number of resources associated with a term: ( ) TTiR, nn /∑  
Table 1: Experimental Results 
 Indicator: Value: 
a RH 82.978 
b AHF 82.431 
c AH 57.874 
d nR 736 
e nT 5790 
f nL 150.996 
g nR,T 736 
h nR,T /nR 1 
i max(nRi,T) 253 
j max(nR,Ti) 156 
k ( ) RTRi, nn /∑  78,8 
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m ( ) TTiR, nn /∑  41,48 
 
A first set of indicators refer to the hits that are returned by the application and 
comprise the raw hits (1.), the hits that result by aggregating multiple hits (for the 
same label) in the same metadata field (2.), and the hits that result by 
aggregating hits (for the same resource) in different metadata fields (3.). A 
second set of indicators refer to the data items that are matched one against the 
other and comprise the number of resources indexed by the metadata cache (4.), 
the number of terms provided by the thesauri (5.), and the number of distinct 
labels associated with these (6.). Indicators 7. and 8. show, respectively, the 
number of resources that are successfully indexed and the ratio of total 
resources. Indicators 9. and 10. are vector values that are not reported inTable 1 
but are necessary to evaluate the aggregate values 11. to 14. 
6. DISCUSSION 
The evaluation of the results show in Table 1 allows us to draw some preliminary 
conclusion on the effectiveness of the indexing procedure that is detailed in this 
paper. Firstly, despite the strong language dependence of the metadata records 
that have been processed, all resources were indexed by al least one of the 
terms in the thesauri (as shown in row h of Table 1). Figure 4 shows the 
language of provenance for the labels that have been scoring a match against 
the metadata fields that were taken into consideration. After the indexing has 
been carried out, these resources can be searched in a multilingual fashion, 
regardless of the language the original metadata was expressed in. 
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Figure 4: Language of the Labels Scoring a Match 
 
Another important insight that can be derived from these results is that, in 
general, tokenising the labels greatly improves recall. In fact, by comparing rows 
a and b in Table 1, it is apparent that few results could be achieved by comparing 
whole labels with the content of metadata fields. This means that aggregating the 
hits corresponding to the same label (and then to the same term) does not shrink 
the number of hits significantly. Of course, tokenisation has the inevitable 
drawback of lowering precision in results. As an example, it was observed that 
the terms matching more than 20% of available resources are likely to be false 
positives due to the tokenisation of labels.  
A final observation that can be useful for improving the indexing procedure, with 
regard to both performance and refinement of results, is addressing the clustering 
of tokens. More specifically, it was noted that many tokens that can be found 
multiple times in labels from distinct terms are prone to score many hits, which 
means that the frequency of tokens in the thesauri also reflects their frequency in 
the metadata. As a consequence, a possible improvement consists of carrying 
out a preliminary tokenisation of labels, relating tokens to labels, the 
corresponding language, and the term. On the one hand, this would allow the 
application to compute hits on a per-token basis rather than on a per-label basis 
(which reiterates searches for the same token), thus improving performance. 
More importantly, knowing the number of labels matching a given token allows 
the application to use it as a negative weight because the more a token is 
frequent in terms’ labels, the less it matching a metadata field is significant. 
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7. CONCLUSIONS 
In this paper, we described and indexing procedure for resource metadata in the 
geospatial domain that leverages multilingual thesauri as source for text patterns 
to be matched against the title, abstract, and keywords associated with 
resources. The main purpose was to bridge the multilingual gap by associating 
resources (whose metadata are intrinsically language-dependant) to language-
neutral identifiers, the URIs of terms made available by thesauri in the SKOS 
data format. Until semantic annotation is widely implemented by metadata editors 
and semantics-aware search functionalities are included in catalogue services, 
the proposed methodology allows for bridging the gap due to multilingualism and 
semantic heterogeneity in metadata descriptions. 
The procedure has been tested against a collection of geospatial resources not 
annotated in English in order to assess the validity of the approach and gather 
preliminary results on the basis of which to improve the methodology and initiate 
implementation of query expansion functionalities in the INSPIRE Geoportal. This 
paper also illustrated these results and drew the first conclusions with regard to 
the tokenisation of terms’ labels and the pruning of false positives that are likely 
to emerge when trying to maximise recall to the detriment of precision. 
In parallel with the activities related to the improvement of the indexing 
procedure, the other development thread will focus on the identification of the 
best means for leveraging these results in the implementation of query 
refinement and expansion functionalities in the INSPIRE Geoportal. However, the 
mappings between resources and language-neutral URIs can also be exploited 
for a broader range of use cases, such as enriching metadata with semantics-
aware annotations, either the original data items or a copy stored by caching or 
brokering mechanisms, and supporting the editing of metadata by suggesting 
keywords from thesauri. 
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